Searching PAJ 


• • 

PATENT ABSTRACTS OF JAPAN 

(1 1 publication number : 11-1 50996 

(43^D;itp nf niihlir*^f inn rvf ^nnlin^tinn * fl9 ClR 1QQQ 


1/1 ^— V 

0 


(51)Int.CI. 


H02P 21/00 


" ' - « 


(21 Application number 
(22)Date of filing : 


09-312052 (71)Applicant : TOYOTA MOTOR CORP 
13.1 1.1997 (72)Inventor : URANO HIROAKI 

AKAO NORIHIKO 


_ 



(54) MOTOR CONTROLLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control a motor more accurately, by 



coping with nonlinearity of each coefficient appearing in a torque 
equation. 

SOLUTION: The information indicating nonlinearity of d- and q-axis 
primary inductances Ld and Lq of a motor against d- and q-axis 
currents Id and Iq of the motor is found through experiments, etc., 
and when the motor is actually controlled, the current command 
(vector) to the motor is decided by utilizing the information. Since 
the nonlinearlity of the d- and q-axis primary inductances of the 
motor is reflected in the control of the motor, the motor can be 
controlled more accurately. 
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1 

?9&zs*<Dmh*&irft&*nm\*x* -ftwsK^ 
b^mm-rz^&t* 

[ W*R 2 ] m*m l IB«o^~ * MMHtlcttv* 
~c\ 

dtt, q WXJiPSitt^— ft-f >^ * v^tc^i-^^e— 
— ftmfifc^ h/MCfc* d, q ft<>^* * 

nmm 3 ] 1 2 ^ iKmantc 

±lE««Effi^*£#£M s . -ft««'<* h^WCfcSd, 
q #«— ft>T # ^^(D^iftSr^-rif^cJDx— ft 

^~^<7>a»^«m^«SffilE*BS1ttJEATtc* <9 /j>o-ft 
t>i5i:V>9^^fflfci---ftmSS-<^ h^t* Zttfc 

[0001] 

[0 0 0 2] 

[&3tW&#r] ^~^^-ftHJESr»JW-t-4*fei: L 
t, 2*69#d, q ftUiSc I acH 
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2 

h/u (id, u) KiiaLi&jia&fT^ 

[3&1 ] T = Ke • Iq+ (Ld-Lq) • Id • Iq 

1IU Ld, Lq:^-*<7)d, q#*dl— W^^^^ 

/o [0003] ^cD^j^fi, «&a»*<o^Tffl^— 

msmtzz h^^*i^T*«r*^"rso ft*-, 

^jfflLT. — ftwatt^* h/u (id, iq) <Dmm^mtc 
zmmm^? v& (u*. u*) **^-r^ 0 jet-. 

*3tbfc««*g^^ (Id*, Iq*) 

^tvic^oT, b^^m^T*^—^<ommt}b/^^ 

[0 0 0 4] 4/c, ft^LfcBiffiJi^* (Id*, 
Iq*) tftJltSRICtt, «fH¥7- 1 0 7 7 7 2f4i- 

ffli^coj: 9(^^r!i VbSr'f *l-T35iffi 

ftELfcmstjg^* h/u (id*, iq*) 

(=Vb • J?0 i,tt>f #«i:*3JtS«EE*iJffl*^fc 

19. Hffi^^tcfis 1 / 2 / (2 • 2 1 / 2 ) -cfcsas, *J 

^C^>o ±»<04*«"Ctt, ^El*S»NdSi*v^«**c 

40 sp«T* s *C*v^J:5. mflE^^ h/u (id*, 
r Q *) **xSLTt^5o Atfffttcte, ftoill^gS 

[»2] Vac= (Vd 2 +Vq 2 ) '/ 2 
Vd — R ' I d — Ci) " Lq • I q 

Vq — 0) * Ld * T d + R • Iq + Ke • (O 

R : ^—?—7Xt£tfi 
cu = 2 • 71 - p • N/6 0 : (r a d/ 

s) 

N : ■ : e— ^Ih1$c^C (r pm) 

p : m*t» 

50 zmmLx. *-9<Dm*w£v*ck'<<yT\)W£ft^ 
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3 

fivb • 77 k<Dfo&w%\&?fi<^£fcb, a*o, minium 

h/U (Id*, Iq*) ^tri/^o 
[0 0 0 5] 

9 t-TZmtM] b/j>Lft/j>ib, _b*g<£> 

^^Ld, Lq. -^S^R^^^^^Ke^. 

d, . q&W^ft^ >^ ^ Ld, Lq{i,'d, .q## 

[0 0 0 61 *3§Wf*>" ^^>ct 5 ftRJ«J£«r*«fe"r5 - 
k&WkMk LTft£;h,fct>a>-C*>»9* ME^SsC*^ 

[0 0 0 7] 

h/U (Id, Iq) , d, q#*|— 

Ld, Lq3tt^ff«je«*KalCJt!9 3e*5ttI* hA^T 
kteZ>£?, 3&»o, — 7^m^-<^ h>^ (Id, Iq) (cj; 
Wf«Sr*UfflUT. -WMfc^* hA- (Id, Iq) <D#M 

aaifcswaw^^ ha- (k*. u*) ^ftje-rss 

fc, ^^nfctiSJi^^ h yi- 
Cld*, Iq*) (C^V^^^ O^^IB?^ I ac ^x^ 7 hylx 

q#tt— ^tft V V* Ld, Lq{-4ol^T— HKMM^ 

t YA, (id, iq) (Dmuz-m^thzmtfr. mmts 
hyu (id*, iq*) «r*j£-rs&firc* 

fcV^Ttt, — JJcaflL^^ hfls (Id, Iq) (U^d, q 

#*k— #c>f >-^^^>-^Ld, LqCD^ft^-ioT^— ^ 

[0 0 0 8] d, q#W— ft-Y 

d«L<fiq«llSlq(^^f6C<bia^d ( q€* 
#C>f V^^^Ld, LqSt*«>. #tf>fcd, q# 
(ft— V^^^^^Ld, Lq&SiEJg^^ HA* (I 

d*, iq*) (DZkm\^\m~tZ). 4rv\ofc«*t**» 




4*Bfl5p 11-150996 



4 

ZkkteZ> 0 S§oT, *|8§^^S^~^»JW»«Sr* 
q Jfe^r * LqXtiPIfifeco— 

^y^^t (Ld, Lq) 

(Id, Iq)K±5d, q#W-W^^> 
70 XLd, Lq<7)^f[j^^i~tS#^ LT, ±IS®Sft^*^ 

dSKIiq ftkOff I q K J; S*3i'«:ai"»c*©* **Uffl 
nr^iaot, * je tcfflifliy t^r^/j^'t^c . 

[0 0 0 9] #«Wfc«* J t-#*iJIWa6«*r*8l'**SW 
{cte, JE^. — WISE'** hA- (Id, iq) fc:<fc5jM8 

tt, -*««E<<^ hA- (1^ 

20 Iq) ia^)d ( qttl-Wv/^^Ld, Lq<7) 

^idSr^-rwa^jjDx., — tfcaat^* (id, i q ) 

SEJg^^ h/u (Id*, Iq*) Srft^-T'So ^^J:5(- 
*,iHKjB«*Ke^"*5V^T— ftaat^^ h/U (Id, 

u) (Dmwcm^thZ&iMK mmm^? hfr 

(Id*, Iq*) 4:^i-^ai®T% — J5c««ffiI-cC0-<^ 
h/w»J»K:SSftS*tad»6, — *«8tt^<^ h/t- (Id, 
iq) fcJ:5*«iB«*Ka^)*ft^J:oT ; e--^©— JJc 

[0010] ^JBWKWS^—^WWSS****"*"** 

tesscN^ffl^ (Vb, t*, n) 

^^h^ (Id*, Iq*) ? CD-'¥K.Wtk I ac 

*3v^-c-=t— ^^sB^aEEVbdsaaBaEEtaanttVb • 7?^ 

Ttc/j:9 36»o— »c®8fc-<^ (Id, i q ) o,MH 

aeXttd«*U< Itqtt^Id, I q ft 5 i V % 

^ ^^Srflgfci-— ftSflL^^ (Id, Iq) i**tlt 

(Id*, Iq*) ^r^AEt^o ^oT. mffi^m^:^ 
50 afiEV.c<0«IPR«:*tf) fir. ^T*#^> 0 Hi-, m^tg 
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N) i (Id, Iq) ^£2+ 

v\, Mx.tf, «W«EE«a<itSr.*i-»^E#Vb • 7> 3r 
tcJ (D&m%&mkirzmW[X'i>tj:\<\ HI-, 

[0012] 20 
[0013] StJSJBffifcfilS*— * 

[0 0 14] # 1 2tci*5*t4«*«lM!im4, 

Set 9, WJfttB^* h/U (Id*, Iq*) . SEKteU, 

v, w^ffitca^SWEJt^Vu*, Vv*, Vw*£3§££ 

v*. v**(cj£C-ru, v, w#ffi|:i^5PWM (/^u 
**I^Pi) »#Sr«**-ti:ao 1 2 KrtjKS 

[0015] liaisnHit mjitg^vu*, v v *, 

V.^Mf^^lT, tffi»2 0u, 20v, 50 



2 0w, D-^i«2 2, «JEl$Hi»2 4*?<7)ffi 
*SrA*bZine>S:*iJffli-S. ■ ««e*ffl»2 0 u, 20 
v, 2 0witt-^10(7)U ) V, W^f@{C^tJS LTfx 
tt<bixT:fc!K Cjxe>^m«fESIUlS2 0 u, 2 0v, 2. 

Ow^ioT; ^e-^io^u, v, wtD^-tsi::^*^ 

msttiu, iv, i.^tfta^ttSo *fc, n-*fcei& 

tUS2 2Ji, ^e— * l O^o-^^^SfiBSr^tti^S 
^s^y i 4^M«IB<o«JEVb**aii-a*vi»:-Cfc 

fyiDIQCALlOO SrffllO h^^Jt^-T*/j>e>« 

sMt^* h>w (id*, iq*) sr^jtu mm&m&2 

6 u, 2 0 v, ^ OwlCioTtffl^ilSlft ru-, 
I v, I w c7)^7 ^ — hv<5/^SrS:»tT#ffi«ffim^Vu*, 
Vv*, Vw^ft^f^o A^^ryiUEVbtt* A< 

-fy I D I QCAL 1 0 0^Tt5^(^ s<yT}) 

I o o i 6 ] ei 2 \c % *nMJ&m£*srt z&Mfc&M 1 

SP-1 6*i*"T h^^»*T*. P-^fiIW2 2K 
J: *9j£tti£*L3b — ^<y^Vm&Vb, MM 
lu, I V) IwStA^-TS (2 0 0) 0 
«\ SffiftfflS2 0u > 20v, 2 0wlCj;ot^t±l$ 
tLfc»«£Iu, Iv, i^SfCiotZtSr 
WL, d, q#ttl«^)7><-K^^ffiId_f 
b, Iq_fb^r^m-r5 (2 0 2) 0 »8KS5*S|5 1 

6tt, p-^ffiB«im§&2 2tcJ: 9»HlSiifcp-#fi 
#EteRNfcHtirt-5 (2.0 4) o 

[0 0 17] «%Stl|Cffil 6tt, ^t-. 
VI 0 0SrSlfTi-5r fcicj;i9, ««c*B*-<^ ( I 
d *, Iq*) $rimt^ (2 0 6) 0 «iK*J|:» 1 6 tt, 
zvntitii*^? h/l> (Id*, Iq*) <7)d, q4M»J«# 

id*, iq*/j>d, q 7 >r ^ K^y^* ■ 

«) Id_fb, I q ^_fb(c^j-LT^LT^5M^D Id, 

D I q 

[f 3] D I d = Id f b —Id*, D I q = T q fb— I q* 

&mm-z> (208) o 1 6 tt, jtfrtzmm 

Did, Dlq^rfUfflUTPI (JtffJW^) iSWSrtT^, 

(210) 0 -r/cC^^. «isi J 6it R<oa 

1^4] Vd*=K P d • D Id + SKid • D. Id, Vq*=K 

pq • D tq + EKiq • D Iq 

- ch^J: ^ u, v, w#W^Wj>£®j±JI^Vu*, 
Vv*, Vw^IffiL (2 12) , mbSrWiE^wi: < 
^ ^WJWSFP 18 (c4x.5 0 

[0 0 18] m3\C^ ^"ryy"2 0 6 tt^/U 
— ^> I D I QCAL 1 0 0?>l*]S£^i~o r.<7)[DJ^ 
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-e (102) , roaiac^^a/hif itdi-fm 

icoz±y hi~6 (104) o SfiftSC^S&i 6f*, 
(10 6) , &<D5£ 

[^5] Id< (lac 2 - Tq 2 ) 1/2 

(DmWZft? ^k\c£oX (108, 110). dttl 

rt^^^^/c: i ac^T-e^^i o 6 {cTts^^tL/c 

So 

[0019] m^»a$ 1 6 (i, 

[»6] Ld Id= f I (Id) 

Lq I q = f 2 ( I q) 

fc«u ft, fi -.mm 

Ld i d : mm i ^ o tt&B*%ft ( d to) 

Lq Tq i.mmimmvm&mj&m (q» 

T'fcb^^ttS^^r^tTi-^^ (112) , 

tSlt^Df^tLdld, Lq Iq£##>5 0 

K3S£Bi 6tt. We.- &05£ 

[*7] f = f 3 ( I q, Ld Id, Lq lq) 

fcrtfU f 3 : Hft 

tz l*JkX$*"ry7l 1 O^xmmtsMc l<KDhkX& 
4rf5 hvi^T 5 (l l 4) o ffiifcSiJWPl 6 

£T\ xTyZfl 0 6&*<0«S*:*9ig-r (1 1 

6) o.fc/cL. -tcoiae-c. &<o5£ 

[&8] D= lac 2 - lq 2 

^[:4oti^C(j: (118), I d^jfg^i-^^Tt 
afrHS^ffii^ftU xf^/l0 4lcl§ 0 
[0 0 2 o] mSfESI^SRl '6tt, h^Tri* b,'l'^^§■£ 
T*S^±[H]£t;IMofc»£\ ^f^/llOlcr^l 
fc Id, 6i:t^Lfc lq, ^f^ll 

2tCT**6fcLd Id, Lq \< i $LmcX'ryy r 2 0 4{CX 

[*9] Vac= { (Ke • go+R ■ Iq-wLdld) 2 
+ Co> ■ Lq I q + R • Id) 2 ) " 2 

(DmWZfto r <bfcJ; «9 , * 1 0<^j»ra«flEVaoS: 

isjfirs (119) 1 6«:. »n«aEv.o 

§ (120)0 «r#*s«#SrTIlIoTV^5»'&^tt. - 

tt*T*o#)©^r^<bttfc id&tMq^n-md, q 

6»ra«]E Va c li£ i: 4h ^ t IJBrt, id^rd Wm^ta 
fS (122) „ 
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[0 0 2 1 ] XT?*?! 2 OlCL&VTVac^Vb 

td*5^TD< 0 tftsswssnfc»*iw«, 

(C^5o £fc, r^*f9jgL^ 1 t>75^to&-r. » lac 

— * 1 2(Ogf^-^ 1 0tf>^*ffj3ftffil-cfc 

5) SrJblil^{cMo5t4i'&(c« (12 4) . tt8tti9[*SU 

-C#ftv^4:W»b (12 6) , M^IITt^o 
[0 0 2 2] *IHSJB1llroW»o— ott, yu— I D 
IQCAL100, 'mzxTyZfl 1 2Rtfl 1 4 (CIS 
l$£;h,T^5&3fcS>3o rft^OteSfct, d, 
m^Cld, Iq^ftf^td, q^-W^^^ 

yxid, Lq*sSE{t-r*i:V^5*il*?B?ttSr. BSfEfg^ 

^ h/l/ (Id*, Iq*) <DfcjE{£fcm&^ZtC,#><D/U--7' 

[0023] 1 0 tz&i-f z>mm • 

20 ^ hA-tf>B8flU±* E14<D-<^ h/M8^*D 

1 0 C*3lt 5«» 1 «a 9 L 
did, Lq 1 qji, UccOjS; 

[tlO) Ld Td= {Ke • CO+R • Iq-Vac • C O S 

(0 +A ■ d>) } /co 

Lq Iq= {Vac * S i 11 (0 + A - <f> ) — R • Id} / 

CD 

fcSLA=-l (ffi/±}^bm*/J s itticO<h #) - .- 

= +1 m&\zttirm&&mft<ot£) 

30 <f> : ttEE««K<^ffittH 

zmn, ±x, *»»»cw«Rr*Bt?*5*», *>sv^«t 

d, q^itigld, iq«cj^5#|»i*S0«SS«*: 
tLd Id, Lq l<i<Dm&&frh?J>tlb}$Z>^ttfX% 
Z> 0 *fc. r<^*»Jcd3V^|5]B#tc-=e— ^ 1 0<7)tB^ h 
/u^TS:aiJ^LT*3< klc£ Iq, id id, iql 
q (Oia^ 4: T <^p B 1<7i)*Ht BB^S: fe b IS^^a 5 C <h 7)s 

[0 0 2 4] rOct 51-. **16«tt*£±*ltf/ d, q 

Sc^T Ld, Lq <D#f&M&%:^1r J T — 

#&&bfr£&n^K^zw&^x&g. 

(id*, iq*) ^*^i-^tc[^urrtL^(7)1t 

Jg^-<^ h/l" (Id*, Iq*) SrftJlfSIt^, t> 

50 So tt*oj:9^-K(c^j»»tt*san*v^ 
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45 0 MK. H3lc«Stia^fVIDIQCALl 

0 Otc&^Tte. *«i!ElaoSrT-#5^*t/hS<Wi^.**s 

6 h^»«T'.«r*a-e#a id, utamrt-stv* 

MVb • Tj(cS-S<»J|5RSr«6LTi>6fc*. l&fHWJEV 
a c/j^^ryiEffi^fiVb • 77 £±0 "9 * l 

^1 1 2tC*5V^ d, q'#**— 

Ld id, Lq Tq^ttiU M^^^i MT'iirw 

<HSS«*»Ld Id, Lq I q ("T^^^Id^ 

TqtciSBfeWSrtTJb^v^) ^UfflLTV^fcafc, d, 
q #*UiftaE I d , lqis»/hi««^i>tt, Otcifiv> 

[0 0 2 5] H6[C, *»WoJB2 %£H$flBlcff*£3£B 

6tdA— ^*>- IDIQCAL100 Srtftt-rS^tCf-tx. 
T\ 0 0 SrlElSi-^fc^O^— ^u|El8SB2 

^-^laietNS^'yf y «JEVb (T* f 
N, Vb) t v :^ (T*. N, Vb) £rffiV>T>0/— 

1 D I QCAL 10 0 &mftLtLl&&lZftbtlZ>~CS>Z> 
3«aE»4*"<* h/W- (Id*, Iq*) fcS:, 3 7 1 

■^yT'ft^Totfc^, S2 7^:/ 2 0 6lC*S^ 

TyU— I D I QCAL 1 0 0 4r^tT"r^^t-^x."C 
Z<Dt— -ftVZ 0 0 Sr#fiS-f5r £ T\ 1 SUKflgfRfz: 

9L91MW l 6 (Dmtnffiti&Tr:^ ztDWtH&VU'Z* 

l.mmMmtmm^—^-^ idiqcalio o&nn 
vidiqcalioo(dH> '&MMJ&Wi&& i 

tt\ ««£8t*ei5 1 6tt, ^7^1 1 2 iWftlt*- 
Id, Iq(CS<5#^UTV>5 (1 2 8) o m*P. f4 

2X^114^*., h. Ldld, Lqlq, KewlCK^ 

f stcj: <9 h^T^f^^r^/l l 
[0027] ^Oct^tC, *SateHg|8*C*5l^Ttt, d, 
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(Id*, Iq*) ^^{CSB^^^^It/j^f , t£oT 
[0 0 2 8] *«M<o»4j|ffi?K«Jc*5lt5« 
y I D I QCAL 1 0 0 dr^ftJi^^f e Z-<D^M 

6 t e m p t c j& c * » o m m <n mm. \c ± *9 » tt r i ^ §a 

6&*lJ/8LT&5£bTlN5 (130) 0 X77/1. 

i 4 A^ft^rjiffSixa^V^i i 4Btn ^te 

fUfflLT, Iq, Ldld, Lqlq, Ke CO , Rtd£^#h 

(id*, Iq*) (Oft)tluKi*S*5rtdST#, 

o r 5E k ^ mm & nmr? z z t &-*im 4 

[0 0 2 9] **M<0*5HltJ»ll8^*5*tS« 

)6JBlB^*5*1-a/W— IDIQCAL100 t c^tS^ 
as^^^-To wCO^K^fiitC^o^Tfi. IdlcJ;9LdI 
dS:. *fc Iq(Cj:»9 Lq IqSr-t^-ftLft^LTi^c^T 1 

7 7°11 2^x.T. I d ^ Iq^I^Cj:^ LdLqR 

I/Lq Iq^^tb^n*^5^X^^l 1 2A^»TJ 

»*f^J:oT»?>ix«BB*T?*>*. :^9» 
30 fs, fsSrfflv^srtT*. Ld Id\ztt1rz> l q <D96Wf? 
LQlql^t5IdO»»S:fc, «*»*^<^ hA* (Id 
- *, Iq*) 

[0 0 3 0] *t r*L6*3 7!rSflI5lt*»«tt:. V> 
T A fc ^ i/ > (ifliiofi^^^e— * — h Mm X* # 5 r 4: v ^ 
[0 0 3 1 ] 

50 ti\t) bs\'?<o1&& h/^f8*l--StS-t'iftiJ: 



(7) 



77 

(biaotd, q#«s— isfe-Y >V9 9>-*icminz>£ik 

[0 0 3 2] d#gU< «qttXfiM«I<0— 2k>f 

d, q &m-VU >99 9 >X<D&W)*ig:1rffimt L 

/hi t#t?to KffivMtt-coi&ff r. tasft < ft 

[0 0 3 3] -#C®fiit-<^ h>U*Cj;«ff«e«* 

ii<D : mitKX.oX^—9<o— Sc^iltiM^-CttHi* h/^ 
[0 0 3 41 «jR«E, *E 

<o ^ — 9 m is ft n k *5 v > x ^ - 9 <d m =f- m je # m as a ee 
*s« u < tt q M/&&4**/h t ft s t v * o m**mtz-r- 

ykmffi^-9 hyut*r#*f*»t««**Wil-"C*5*v * 
h^*3e^(R^*Uffl-rS-i:^J:9, «J3E" 
*a*t^«ft©*e»^J:*|Rftta^*4:v^5*J8W 

ttlEcoSJEBSr'&tr) Sr. x-^^O^lJffl<^rV^91B!ffift¥ 



70 



20 



50 



72 
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ft*-*. 

[[H®^lffl*ftift0j] 

[13] w<^HJfiJKflg^*5*+S^— ^> I D I QCA 
[H4] ^e— • HSfi-^^ hyuoB8^S:*"t"^^ 
[12 5] d, q##— tfC'f 1/9991/7* Id, Iq<50^ 
J:0#fcH*«r»i-H-efcO, 12* ttSMfciciO- 

ifitffcteS:, (b) fj:qi-Wy^^^y^(OLqO# 

[B 7 ] #3gW<£>g§ 3 SailS»5«^*5*t 5*WSl3Wt<0 
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